Objective: Anemia is a major public health problem caused by multiple factors. Vitamin A (VA) depletion can affect hemoglobin concentration (Hb). This study investigated the improvement in Hb and VA status in preschool Indonesian children following supplementation with 210 mmol VA and deworming with 400 mg albendazole. Subjects and design: Indonesian children (n ¼ 131) infected with Ascaris lumbricoides and/or Trichuris trichiura were enrolled. The children were grouped by length of time since receiving 210 mmol VA through the local health system. Group 1 (VA administered Z4 month before baseline) included 51 children with Ascaris and 29 children with Trichuris. Group 2 had received VA r1 month of baseline from the local health post and included 51 children. Intervention and methods: Immediately following baseline Hb and VA status assessment (modified relative dose response (MRDR) test), Group 1 children were given 210 mmol VA and 400 mg albendazole. Group 2 were randomized to be dewormed either 1 week before, at the same time or 1 week after baseline MRDR and Hb measures. Follow-up assessment was 3-4 weeks after baseline. Results: VA status in Group 1 significantly improved in children with either Ascaris (Po0.0001) or Trichuris (P ¼ 0.028). Although the prevalence of anemia declined, the improvement in Hb was not significant (P ¼ 0.08). In Group 2, improvement in VA status from the VA delivered through the public health system was maintained for more than 1 month. Hb improved (P ¼ 0.0037) and this improvement appeared to be associated with the length of time between deworming and follow-up assessments. Conclusion: Public health supplementation programs to improve VA status may also increase Hb concentrations and decrease anemia prevalence, especially when linked to deworming. Sponsorship: These studies were supported by the Thrasher Research Fund, SmithKline Beecham and Hatch-Wisconsin Agricultural Experiment Station number WIS04533.
Introduction
In the early 1980s, there was much discussion as to whether intestinal parasites adversely affected nutrition or whether these parasites and undernutrition were just observed together in the same populations (Schultz, 1981) . Impaired nutriture may decrease resistance to intestinal parasites and the parasites themselves may also impair the nutritional status of the individuals (Solomons & Keusch, 1981) . However, the same conditions that lead to intestinal parasitic infection, that is, poverty, overcrowding, poor environment and substandard sanitation, are also characteristic of people at risk of undernutrition (Nesheim, 1993) . Owing to their worldwide prevalence, most nutritional studies related to intestinal helminths have focused on Ascaris lumbricoides (Ascaris) or hookworm. A significant increment in height and weight was seen in children from Burma after treatment for Ascaris infection (Thein-Hlaing et al, 1991) . Iron status improved after intermittent deworming in Zanzibari school children with heavy parasite infections, particularly in children with hookworm infections and severe anemia (Stoltzfus et al, 1998) .
Several studies in humans have shown impaired absorption of fat and vitamin A with Ascaris infection. Fecal fat decreased after treatment for Ascaris from 9.5 to 2.3% in humans (Tripathy et al, 1972) . Jejunal biopsy showed abnormalities including broadening of the villi, elongation of the crypts and a decrease in the villus-to-crypt ratio, which returned to normal after treatment (Tripathy et al, 1972) . If the body is not able to absorb fat properly, the absorption of fat-soluble vitamins may also be impaired. A reduction in tritiated vitamin A absorption by 20% was shown in Indian children with Ascaris, and worm loads did not seem to correlate with the amount of vitamin A absorbed (Sivakumar & Reddy, 1975) . Another study in India showed that 14 of 20 patients infected with Ascaris had vitamin A malabsorption problems (Mahalanabis et al, 1976) . These same patients showed great improvement in their ability to absorb vitamin A after parasitic treatment (Mahalanabis et al, 1976) . However, not all studies have shown an impairment of vitamin A absorption in children with ascariasis (Ahmed et al, 1993) .
Trichuris trichiura (Trichuris) infection is reportedly very common, although much of the data are not new. Between 30 and 80% of all children in Malaysia and Singapore were expected to be infected (Sebastian et al, 1989) . In Bangladesh, 51% of the children in a survey were diagnosed with parasites; 65% of those infected had Ascaris and 22% had Trichuris (Stanton et al, 1989) . Trichuris was the dominant helminth in a Guatemalan study (61% of those surveyed), but hookworm and Ascaris were also prevalent with rates of 49 and 40%, respectively (Anderson et al, 1993) . In Thailand, 48.7% of the children studied had infected stools, 37.5% with hookworms and fewer than 3% with Ascaris and Trichuris (Kasuya et al, 1989) . In Zimbabwe, hookworms accounted for 61.7% of infections with Ascaris and Trichuris less than 3% (Chandiwana et al, 1989) .
In a study in Indonesia, we showed that simultaneous administration of vitamin A and albendazole resulted in similar improvements in vitamin A status 1-month post treatment compared with deworming treatments given either before or after supplemental vitamin A (Tanumihardjo et al, 1996b) . We also showed that Ascaris infection at the time of the modified relative dose response (MRDR) test did not interfere with the functionality of the test (Tanumihardjo et al, 1996b) . The study described here, which was nested in the prior study, evaluates whether the type of intestinal helminth, that is, Ascaris or Trichuris, affects vitamin A status. Children with Trichuris infections were newly enrolled into the study at the same time the Ascaris-infected children (n ¼ 51) were enrolled in the prior study. We also investigated whether there was a change in the prevalence of anemia following vitamin A supplementation and deworming as the prior study only investigated vitamin A status. This study further evaluates the efficacy of supplementation programs to improve vitamin A status of pre-school children as some children had received vitamin A from the local health post prior to enrollment. We hypothesized that children with Trichuris infection alone would have a better vitamin A status than children infected with Ascaris. We also believed that there would be an improvement in hemoglobin concentrations associated with vitamin A supplementation.
Subjects and methods
Study population and recruitment Subjects were recruited by staff of the local health posts working with village volunteer health workers under the direction of the Nutrition Research and Development Center (NRDC) in Bogor, Indonesia. The study was carried out in suburban and rural areas in West Java from June through August of 1993. At that time, vitamin A capsules were distributed from the local health posts in February and August. Thus, this study was done in conjunction with the August distribution of capsules. None of the children had clinical symptoms of vitamin A deficiency. All procedures were approved by the Ethical Committee at the NRDC. Written informed consent was obtained from the mothers of participating children.
Fecal examinations
Fecal examinations were conducted on all children willing to participate in the study. Feces were collected in opaque, plastic-covered containers by the mothers, retrieved daily by health volunteers in the villages and placed in a cooler until collected daily by the NRDC staff. Samples were analyzed the day they were collected in the afternoon. As our main objective was to determine whether the children were positive for helminths, an egg concentration method was used to determine infection status. Approximately 3 g of feces was mixed with a sucrose solution in a paper cup using a wooden stick. The mixture was strained into a second cup and then transferred to a glass centrifuge tube. After centrifugation at 500 Â g for 4 min, the eggs, if present, floated to the surface and were transferred using a glass rod onto a microscope slide. Eggs were identified under a simple light microscope. In the larger study in which this study was nested (Tanumihardjo et al, 1996b) , Ascaris infections were 60% light, 30% moderate and 10% heavy, while 90% of Trichuris infections were light using Kato thick smearcounting methods (Kato & Miura, 1954; Martin & Beaver, 1968) .
Experimental design
Mothers of children who were positive for either Ascaris and/ or Trichuris were asked to allow their children to participate in the deworming study which was the primary enrollment criterion for the study (Figure 1 ). A total of 131 Indonesian children, age 3.771.2 y, 45% boys, with Ascaris, Trichuris or both were enrolled. Children were grouped by the length of time since they had received 210 mmol (200 000 IU, 60 mg) vitamin A through the public health program. Group 1 (no vitamin A for at least 4 months) included 51 children with Ascaris and 29 children with Trichuris. After drawing blood to determine vitamin A and anemia status, children were given 400 mg of albendazole and 210 mmol of vitamin A. Follow-up assessment was done 1 month post-dosing. The children who were infected with Ascaris in Group 1 were also part of the larger study in which this study was nested. Group 2 children (n ¼ 51) had received 210 mmol vitamin A in the month preceding this study, as determined by records at the local health posts within each village. Children were randomized to one of three subgroups based upon the larger study that this study was nested in (Tanumihardjo et al, 1996b) : subgroup A (n ¼ 21) was dewormed 1 week before the baseline MRDR test, subgroup B (n ¼ 19) immediately following baseline measures and subgroup C (n ¼ 11) was not dewormed until after the trial was over. Follow-up measurements were taken 3-4 weeks after baseline measurements depending on the time of deworming. Children in group 2 did not get additional vitamin A as part of this study.
Physical examinations
Complete physical examinations were performed by pediatricians at central locations within the villages and conducted at both baseline and follow-up. The examination included information on past and current childhood illnesses and weight and height were measured.
Oral dosing materials 3, 4-Didehydroretinyl acetate (DRA) for the MRDR test was synthesized from retinoic acid (Barua & Ghosh, 1972; Tanumihardjo et al, 1987) , purified and dissolved directly into corn oil using sonication. The MRDR test (Tanumihardjo et al, 1996a) was performed on all children at baseline and follow-up. In the morning, all children received a standard dose of 5.3 mmol DRA dissolved in corn oil. Children were dosed either in their homes, at the health post or at the clinic. The dose was followed by high-fat, low-vitamin A snacks, that is, fried potato, batter-fried banana or fried noodles.
Albendazole (Zentel, 400 mg 5-propylthio-1H-benzimidazol-2-yl carbamic acid methyl ester) for deworming was purchased from SmithKline Beecham, Jakarta, Indonesia. The tablets were crushed and put into individual sachets before going into the field. Each sachet was mixed with sweet syrup before spoon-feeding to the children. Indonesian children are accustomed to receiving medicine in this manner.
Assessment of hemoglobin and vitamin A status
At 4-6 h after dosing with DRA, a single blood sample was drawn from an antecubital vein. Blood samples, after aliquots were removed for measuring hematocrit and hemoglobin, were placed on ice inside a cooler while in the field, carried to the laboratory, and immediately centrifuged at 500 Â g for 15 min at room temperature. Serum was stored frozen at À201C until analyzed by HPLC. Hematocrit and hemoglobin determinations were performed on fresh blood. Capillary tubes, which were filled with fresh blood and stoppered in the field, were carried to the laboratory and centrifuged for determination of the hematocrit. Hemoglobin was determined in 20 mL of blood by using the cyanmethemoglobin method. The coefficient of variation for the hemoglobin measure was B1% for the same sample when capillaries were filled from a venipuncture. Anemia was defined as Hb o110 g/l.
The HPLC analysis has been described elsewhere (Tanumihardjo et al, 1996b) . Briefly, 500 ml aliquots were mixed with an equal volume of ethanol and then extracted twice with equal volumes of hexanes. The sample was dried under nitrogen and redissolved in 50 ml 80:20 methanol:dichloromethane and then 40 ml was injected into an isocratic HPLC equipped with a 5-mm, C-18 reversed-phase column with 92:8 methanol water at 1 ml/min. 3,4-Didehydroretinol (DR) and retinol (R) were quantified against HPLC purified standards and the dehydroretinol to retinol ratio (DR:R) was calculated. Abnormal responses for the MRDR test were defined as a DR:R of Z0.060, the range of 0.030-0.060 was considered an uncertain vitamin A status and o0.030 was defined as normal (Tanumihardjo et al, 1996b) . Retinol extraction efficiency was determined by using retinyl acetate as an internal standard for serum retinol concentrations.
Statistical methods ANOVA analysis using SAS software (SAS version 8, SAS Institute, Cary, NC, USA) was used to determine the effect of vitamin A and deworming on all variables of interest: DR:R, serum retinol concentration, hematocrit and hemoglobin. The P-values reported are those from the MEANS procedure. Least significant difference (LSD) testing was performed after the ANOVA analysis to determine which groups and subgroups were different from each other. Paired t-tests were used to determine where the pre-and post-intervention differences were in the ANOVA analysis. The changes and relationships were considered significant with Pr0.05.
Results

Anthropometric characteristics
The baseline characteristics of the children are shown in Table 1 by group. During the course of the study, the mean height for all of the children increased from 90.478.8 to 91.378.8 cm and this was significant (Pr0.001). This was not necessarily related to an increase in body weight in this 
Group 1
In all, 51 children with Ascaris (27.5% coinfection with Trichuris) and 29 children with only Trichuris had not received vitamin A prior to the intervention (Z4 months). In children with Ascaris, the mean DR:R decreased from 0.05470.038 to 0.03070.018 over 1 month (Po0.0001, Table 2 ). In the children with Trichuris, the mean DR:R decreased from 0.04970.040 to 0.03170.015 during the same period (P ¼ 0.028). The change in the DR:R between the Ascaris and Trichuris subgroups was not significantly different (P ¼ 0.34). The proportion of children with DR:Rs Z0.060 declined from 29% before to 6% after intervention. The mean (7 s.d.) serum retinol concentration was similar before and after intervening, 0.8170.26 to 0.8270.23 and 0.7870.24 to 0.7870.21 mmol/l in the Ascaris and Trichuris positive groups, respectively (PZ0.75). The same findings were observed when children with a coinfection of Ascaris and Trichuris were excluded from the analysis (data not shown).
The hemoglobin concentration (mean7s.d.) increased from 11379.5 to 11578.5 g/l in the group as a whole (P ¼ 0.08, Table 2 ). The proportion of children with anemia, Hb o110 g/l, fell from 40 to 22% after intervention.
Group 2
In all, 51 children with Ascaris and Trichuris who had received 210 mmol of vitamin A in the preceding month through the public health system were included in this group. The mean DR:R value was normal at baseline and remained normal at follow-up, that is, 0.02170.012 to 0.02370.013 (P ¼ 0.72). None of the children were vitamin A deficient based on the MRDR test either at baseline or at follow-up testing (DR:R Z0.060). The mean (7 s.d.) serum retinol concentration decreased slightly overtime from 0.8170.26 to 0.7770.20 mmol/l, but this decrease was not significant (P ¼ 0.21).
Hb concentration improved significantly (P ¼ 0.0037) from 110717 to 116710 g/l. The proportion of children with anemia, Hb o110 g/l, declined from 51 to 31% after intervention. Children in subgroup A (Table 3) , who had the longest period of deworming and improved vitamin A status, had the most important effect on improved Hb concentration in Group 2 (P ¼ 0.004).
Discussion
Integrated programs to improve the health of children are more effective than single micronutrient interventions. The efficacy of programs to improve iron status can be enhanced by including vitamin A and deworming regimens (Persson et al, 2000) . Although not well understood, a link between vitamin A depletion and all-cause anemia exists and a reduction in anemia prevalence has been repeatedly seen when vitamin A and iron are given together (Suharno et al, 1993; Ahmed et al, 2001; Muslimatun et al, 2001 ). Deworming in hookworm endemic areas is important in improving iron status (Stoltzfus et al, 1998) . Although blood loss can occur in Trichuris infections, it is usually linked to heavier infection loads than found in our study (Layrisse et al, 1967; Stephenson et al, 2000) . Ascaris infections have also been linked to low hemoglobin concentrations in Zanzibari (Stoltzfus et al, 1997) and Nepalese (Curtale et al, 1993) children, but the mechanism is not clear. A review of the possible mechanisms by which vitamin A deficiency could cause anemia (Semba & Bloem, 2002) suggested that this could be through modulation of (a) erythropoiesis, (b) immunity to infectious diseases and the anemia of infection and (c) iron metabolism. While animal and in vitro studies suggest that retinoic acid enhances erythropoietin synthesis during vitamin A depletion, a clinical trial did not show this in Malawian women supplemented with vitamin A (Semba et al, 2001 ). Vitamin A plays an important role in immunity and most likely reduces the anemia caused by infections (Semba & Bloem, 2002) . Animal studies have shown that normal iron metabolism is interrupted during vitamin A depletion. Results from rat studies suggest that vitamin A status and iron status may affect the other's metabolism (Rosales et al, 1999; Jang et al, 2000) . Vitamin A is sequestered in the liver during iron deficiency, resulting in depressed plasma retinol concentrations (Jang et al, 2000) .
While we observed a significant increase in the mean height of the children, this may have occurred without regard to our intervention as our children were quite young. This was an observation and we did not have a control group powered to tease out whether this was a significant finding from our intervention. Our study was designed to determine the potential differences in vitamin A status and hemoglobin concentrations with vitamin A and deworming interventions.
In this study, the baseline MRDR mean value was smaller in Group 1 children with Trichuris only than those with Ascaris; however, the difference was not significant. We originally thought that vitamin A status might be better in children with only Trichuris because Ascaris inhabits the small intestine where vitamin A is absorbed from the gut, while Trichuris inhabits the ileocecal area. Moreover, both groups had similar improvements in vitamin A status after treatment with 210 mmol vitamin A, as measured by the MRDR test 1 month after intervention. The MRDR test is a qualitative test and may not be sensitive enough to actually discern this difference, and future studies with stable isotopes may be able to better define the effect of different helminths through quantitative vitamin A status assessment (Tanumihardjo, 2000) . While the increase in Hb concentration in both subgroups of children was not significant, there was an overall 18% reduction in the prevalence of anemia.
Group 2, who had received vitamin A through the public health system in the preceding month, showed no change in vitamin A status, that is, adequate status at both testing times. Thus, we can conclude that the local vitamin A program is indeed improving the vitamin A status of the children and this improvement lasts for at least 2 months post-intervention, as has been modeled (Tanumihardjo, 2001 ). While we saw an overall improvement in hemoglobin status, and 20% reduction in the prevalence of anemia, the subgroup that showed the greatest improvement (2A) included the children who had received vitamin A and had been dewormed for the longest time interval between testing points.
Whereas several studies have shown an enhancement with vitamin A and iron supplementation on measures of vitamin A and anemia status in women and older children (Suharno et al, 1993; Ahmed et al, 2001; Tanumihardjo, 2002) , this study shows an improvement in Hb concentration after vitamin A supplementation and deworming in preschool children. Thus, integrated health programs may have additional benefits for program participants.
An important component of this study is that we did not use serum retinol concentrations as the indicator for vitamin A status as other studies have (Molla et al, 1993; Persson et al, 2000) . In fact, serum retinol concentrations did not differ before and after vitamin A supplementation, nor did they differ between any of the subgroups analyzed. When using only serum retinol values to assess vitamin A status, the presence of infection in the population must be assessed and used as a covariate in the analysis, as infections cause serum retinol concentrations to transiently decrease due to the The overall effect of time to follow-up on hemoglobin is significant (P ¼ 0.0037). The prevalence of anemia, hemoglobin concentration o110 g/l, declined from 51% before to 31% after intervention.
acute-phase response (Willumsen et al, 1997; Filteau, 1999) . RBP is a negative acute-phase protein (Stephensen, 2001 ) and falls during infections such as malaria and acute respiratory illness. The DR:R is less affected by infections and more dependent on vitamin A status (Tanumihardjo et al, 1996b; Wieringa et al, 2002) . The relative dose response test, which uses retinyl ester as the test dose and measures a change in serum retinol concentration, may be confounded by the acute-phase response (Stephensen et al, 2002) . Indonesia has a comprehensive and well-functioning vitamin A program. Preschool aged children are routinely given 210 mmol of vitamin A every 6 months during February and August. Distribution of the capsules is done by village volunteers through local health posts within the villages. The serum retinol concentration cutoff commonly used to define deficient status is 0.7 mmol/l. Our study shows that even though serum retinol concentrations were still depressed with 37% of children below 0.7 mmol/l at baseline, the mean DR:R is normal (0.02170.012) after routine supplementation within 2 months post-dosing (Figure 2 , Group 2), indicating that liver reserves are adequate. However, in the same area, many of the children will begin to lose their liver reserves by 4 months post-dosing and thus result in DR:Rs that reflect marginal vitamin A status, that is, Z0.060 (Figure 2, Group 1) .
Vitamin A and iron deficiency frequently occur in the same population groups and anemia has been suggested as a predictor of vitamin A deficiency in children (Molla et al, 1993) . The metabolism of these nutrients interacts with each other, but how has not been fully elucidated. Pregnant women suffer from the same deficiencies as children. Maternal nutrition may affect fetal and infant nutrition parameters through 'programming' in utero (Harding, 2001 ). This may further explain why serum retinol concentrations do not always respond to supplementation. For example, in Group 1, serum retinol concentrations did not change after intervention with 210 mmol vitamin A and at both times about 40% of the children had serum retinol concentrations r0.7 mmol/l. Thus, until public health programs are able to break the inter-generational cycle of undernutrition in populations living in poverty, desired changes in serum retinol concentration may not occur.
In summary, public health supplementation programs to improve vitamin A status in preschool age children are successful in improving the status, even though serum Figure 1 A schematic diagram of the study intervention time frame. The primary criterion for enrollment into the study was a positive stool examination for either Ascaris, Trichuris or both. The MRDR test was used for assessing vitamin A status and deworming was with 400 mg albendazole.
Figure 2
The mean (7 s.d.) MRDR test value (dehydroretinol:retinol) after treatment with 210 mmol vitamin A. Group 1 (K) received vitamin A and deworming medicine, 400 mg albendazole, from the study intervention immediately after the first MRDR test. Follow-up assessment was 1 month after intervention. Group 2 (') had received vitamin A from the local health post within 1 month before enrollment into the deworming regimen, which was staggered in group 2. Follow-up was 3-4 weeks after the first MRDR test.
Vitamin A and deworming improve hemoglobin SA Tanumihardjo et al retinol concentration may not always show this. An added benefit may be a reduction in the prevalence of anemia, especially when vitamin A supplementation programs are linked to deworming interventions. We saw the greatest improvement in hemoglobin concentrations and reduction in anemia prevalence when adequate vitamin A status was maintained for 2 months and time since deworming was 1 month.
